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The title compound, C44H62O6S2 {systematic name: 
(l/?,3a5,5a/?,5b/?,7ai?,95,llai?,llbi?,13a/?,13bi?)-5a,5b,8,8,- 
lla-pentametliyl-l-(prop-l-en-2-yI)-3a-[(tosyloxy)methyI]- 
icosahydro-l//-cyclopenta[fl]chrysen-9-yl 4-methylbenzene- 
sulfonate}, was obtained by tosylation of naturally occurring 
betulin. All the cyclohexane rings adopt chair conformations 
and the cyclopentane ring adopts a twisted envelope 
conformation, with the C atom bearing the tosylmethyl 
substituent forming the flap. In the crystal, molecules form a 
three-dimensional network through multiple weak C— H- ■ O 
hydrogen bonds. 




Experimental 

Crystal data 

C44H62O6S2 
Mr = 751.08 
Orthorhombic, P2[2[2j 
a = 6.9824 (1) A 
b = 18.2035 (4) A 
c = 31.4449 (9) A 

Data collection 

Nonius KappaCCD diffractometer 
9235 measured reflections 

Refinement 

R[F^ > 2aiF^)] = 0.077 

wR(F^) = 0.142 

S = 1.01 

9235 reflections 

477 parameters 

H-atom parameters constrained 



V = 3996.78 (16) A' 
Z = 4 

Mo Ka radiation 
II = 0.18 mm"' 
r = 173 K 

0.11 X 0.03 X 0.03 mm 



9235 independent reflections 
4887 reflections with / > 2cr(/) 



A/7„„ = 0.26 e A"" 

Ap„i„ = -0.33 e A"^' 

Absolute structure: Flack (1983), 

3968 Friedel pairs 
Absolute structure parameter: 

0.07 (9) 



Related literature 

For the first synthesis of betulin 3,28-di-O-tosylate, see: 
Anjaneyulu et al. (1980). For natural occurrence and isolation 
of betulin and related terpenoides, see: Krasutsky (2006). For 
the biological activity of natural and semisynthetic lupane 
terpenoides including betulin derivatives, see: Tolstikova et al. 
(2006fl,6); Tundis et al. (2014). For some of the first crystal data 
for the betulin series, see: 3/i-lup-20 (29)-ene-3,28-diol di- 
acetate (betulin 3,28-di-O-acetate; Abbot et al, 1958). For 
other crystal structures of related betuUn derivatives with 
substituents on the O atoms at C3 and C28, see: Kommera et 
al. (2010); Trishin et al. (2010); Boryczka et al. (2013). For 
recent crystal structures of betulin and its solvates, see: 
Drebushchak et al. (2013); Drebushchak et al. (2010); 
Boryczka et al. (2012). For standard bond lengths, see: Allen et 
al. (1987). The nature of hydrogen bonding is described by 
Gilli (2002). 



Table 1 

Hydrogen-bond geometry (A, °). 



D-U-A 


D-H 




D-A 


D-U-A 


C21-H21B-043' 


0.97 


2.60 


3.428 (5) 


143 


C2b-m.(iA- ■ 032" 


0.96 


2.56 


3.473 (5) 


159 


C28-H28/1- ■ 043' 


0.97 


2.39 


3.244 (5) 


147 


C48-H48- ■ 044'" 


0.93 


2.49 


3.142 (5) 


128 


Symmetry codes: (i) x -+ 


1, -y + \.-z: (li) 


-.t + 2,y-i, 


-z + i; (iii) X - 





Data collection: KappaCCD Server Software (Nonius, 1997); cell 
refinement: SCALEPACK (Otwinovski & Minor, 1997); data 
reduction: DENZO (Otwinovski & Minor, 1997) and SCALEPACK; 
program(s) used to solve structure: SIR2011 (Burla et al, 2012); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); soft- 
ware used to prepare material for publication: SHELXL97, 
PLATON (Spek, 2009) and publCIF (Westrip, 2010). 

This work was supported by the Latvian-Belarus joint 
project 11-13/IZM14-18-L8027. The authors thank Syntagon 
Baltic for analytical support. 



Supporting information for this paper is available from the lUCr 
electronic archives (Reference: FY2116). 
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Betulin 3,28-di-O-tosylate 

Uldis Peipins^ Niks Freimanis^ Dmitrijs Stepanovs^ Anatoly Mishnev and Maris Turks 

51. Comment 

The crystal and molecular structure of the betulin has not been previously reported, however, Drebushchak et al. (2013) 
have indexed X-ray powder diffraction pattern and calculated lattice parameters. Structures of the ethanol (Drebushchak 
et al, 2010) and dimethyl sulfoxide (Boryczka et al, 2012) solvates of betulin are known from single crystal X-ray 
diffraction data. Crystal structures of related betulin derivatives with substituents on oxygen atoms at C3 and C28 have 
been reported in literature, namely, 28-0-acetylbetulin-3-yl-yff-D-(2',3',4',6'-tefra-0-acetyl)glucopyranoside (Kommera et 
al, 2010), betulin 3,28-di-O-trifluoroacetate (Trishin et al, 2010) and 28-0-propynoylbetulin dimethyl sulfoxide solvate 
(Boryczka et al, 2013). 

The bond lengths (Allen et al, 1987) and angles in the molecule are close to standard values. All the cyclohexane rings 
adopt chair conformations and the cyclopentane ring adopts a twisted envelope conformation with the isopropenyl group 
equatorially attached to C19. The torsion angle C21 — C19 — C20 — C29, which describs the conformation of the 
isopropenyl group, is equal to -102.1 (5)°. This conformation is variable among the structures disscused in this section. 
An O-tosyl group is attached to atom C3 in an equatorial orientation. The corresponding torsion angles CI — C2 — C3 — 
031 and CI— C2— C3— 031 are -178.8 (3) and -179.2 (3)°, respectively. The 0-tosylmethyl group is is attached to the 
atom C17 in an axial orientation, with the corresponding torsion angles C13 — C18 — C17 — C28 and C15 — C16 — C17 — 
C28 being -57.9 (4) and 62.2 (4)°, respectively. All ring junctions in the structure are trans-fassd. A similar conformation 
was observed in all structures mentioned in this section. 

52. Experimental 

Single crystals of betulin 3,28-di-O-tosylate were grown from a hexanes/dichloromethane (15/1) solution by slow 
evaporation at ambient temperature. 'H-NMR and '-^C-NMR spectra were recorded at 400 MHz and at 100.6 MHz, 
respectively. The proton signals for residual non-deuterated solvents {d l.ld for CDCI3) and carbon signals {6 11 A for 
CDCI3) were used as an intemal references for 'H-NMR and "C-NMR spectra, respectively. Coupling constants are 
reported in Hz. Analytical thin layer chromatography (TLC) was performed on Kieselgel 60 F254 glass plates precoated 
with a 0.25 mm thickness of sihca gel. Preparative flash chromatography was performed on siUca gel (60 A, 40-63 fiva, 
ROCC). Melting points were recorded with a Fisher Digital Melting Point Analyzer Model 355 apparatus. IR spectra 
were recorded in KBr with FT—IR Perkin Elmer Spectrum BX. Optical rotations were measured at 20 °C on a Anton 
PaarMCP 500 polarimeter using a sodium lamp as the light source (589 nm). Dry pjTidine was obtained by distillation 
over CaH2. Commercially available reagents were used as received. 

Betulin 3,28-di-O-tosylate. Tosyl chloride (1.08 g, 5.67 mmol, 2.50 equiv.) was added to a stirred solution of betulin 
(1.00 g, 2.26 mmol, 1.00 equiv.) and 4-dimethylaminopyridine (DMAP; 25 mg, 0.2 mmol, 0.09 equiv.) in pyridine (10 
mL) at ambient temperature. The resulting reaction mixture was stirred at ambient temperature for 72 h. Then pyridine 
was evaporated under reduced pressure keeping the water bath temperature below 35 °C. Toluene (10 mL) was added to 
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the residue and the resulting mixture was evaporated under reduced pressure. Additional amount of toluene (2x10 mL) 
was added and the evaporation was repeated. This process removes the residual pyridine via azeotrope distillation. The 
resulting residue was directly transferred to silica gel column and chromatographed with EtOAc/hexanes (3/97). The 
fraction corresponding to R/ =0.40 (EtOAc/hexanes 1:5) was collected and the obtained colorless powder (0.25 g, 15%) 
was crystallized from the hexanes/dichloromethane (15/1) solution by slow evaporation at ambient temperature to 
provide single crystals of betulin 3,28-di-O-tosylate. Other fractions (1.10 g) contamed the title product together with its 
mono-tosyl congeners. 

Data for betulin 3,28-di-O-tosylate: M.p. 130 °C (decomp.); [a]^"^ = 24.2 (c = 0.40, CHCI3). IR (KBr), v, cm"': 2940, 
2875, 1460, 1365, 1190, 1175, 1100, 960; 'H NMR (400 MHz, CDCI3), 5 (ppm): 7.80 (d, 2H, V=7.8 Hz, H— C(Ar)), 7.78 
(d, 2H, 3/=7.8 Hz, H— C(Ar)), 7.35 (d, 2H, V=7.8 Hz, H— C(Ar)), 7.31 (d, 2H, 3J=8.2 Hz, H— C(Ar)), 4.63 (bd, IH, 
2/=1.8 Hz, H— C(29)), 4.57-4.56 (m, IH, Hb— C(29)), 4.19 (dd, IH, ^=11.7 Hz, ^^5.1 Hz, H— C(3)), 4.05, 3.73 (2d, 
AB syst., 2H, V=9.4 Hz, H— C(28)), 2.45, 2.43 (2s, 6H, H3C-(Ts)), 2.27 (dt, IH, V=11.0 Hz, ^=5.6 Hz, H— C(19)), 
1.85-0.64 (m, 42H; mcluding: 1.63, 0.88 (2s, 6H); 0.781, 0.777, 0.773 (3s, 9H), 0.75 (s, 3H)); '^c NMR (100.6 MHz, 
CDCI3), S (ppm): 149.6, 144.7, 144.2, 134.9, 132.8, 129.8 129.6, 128.0, 127.6, 110.1, 90.9, 69.2, 55.5, 50.0, 48.6, 47.6, 
46.7, 42.5, 40.6, 38.6, 38.5, 37.6, 36.8, 34.1, 33.9, 29.2, 29.1, 27.8, 26.5, 24.9, 24.8, 21.6 (2C), 20.7, 19.0, 18.2, 16.2, 
16.0, 15.7, 14.6. 

S3. Refinement 

All non-hydrogen atoms were refined anisofropically. All hydrogen atoms were positioned geometrically with C — ^H 
distances ranging from 0.93 A to 0.98 A and refined as riding on their parent atoms with Uiso (H) =l.5U^ (C) for methyl 
groups and Uiso (H) = 1.2L'eq (C) for others. 

There are 21 reflections with mtensities affected by the beamstop; these were removed from the final refinement since 
they are in systematic error. 
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\C11^C12 



S34' 



933 't'^Xcio^^ 




03 



032 




0 



043 



Figure 1 

The asymmetric unit of the title compound showing 50% probability displacement ellipsoids and the atom-numbering 
Hydrogen atoms are shown as small spheres of arbitrary radii. 

(1 f?,3aS,5al?,5b/?,7a/?,9S,1 1 aR,^ 1 bl?,1 3a/?,1 3b/?)-5a,5b,8,8,1 1 a-Pentamethyl-1 -(prop-1 -en-2- 
yl)-3a-[(tosyloxy)methyl]icosahydro-1H-cyclopenta[a]chrysen-9-yl 4-methylbenzenesulfonate 



Crystal data 

C44H62O6S2 
M, = 751.08 
Orthorhombic, P2i2i2i 
Hall symbol: P 2ac 2ab 
fl = 6.9824 (1) A 
Z>= 18.2035 (4) A 
c = 31.4449 (9) A 
F= 3996.78 (16) A^ 
Z = 4 

F(000)= 1624 

Data collection 

Nonius KappaCCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
CCD scans 

9235 measured reflections 



1.248 Mgm-3 
Melting point: 403 K 
Mo Ka radiadon, 1 = 0.71073 A 
Cell parameters from 35297 reflections 
e= 1.0-27.9° 
// = 0.18mm-i 
r= 173 K 
Needle, colorless 
0.11 X 0.03 X 0.03 mm 



9235 independent reflections 
4887 reflections with /> 2(t(7) 



0m 



' 11 0,Ttin - 2.3° 



h = -9^9 
/c = -23^23 
/ = -40^41 
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Refinement 

Refinement on 

Least-squares matrix: full 

R[P > 2a(F^)] = 0.077 

wi?(F2) = 0.142 

S= 1.01 

9235 reflections 

477 parameters 

0 restraints 

0 constraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 

w = l/[a^(F„^) + (0.0406P)2 + 1.1649^] 

where P = (F„2 + 2i^/)/3 
(A/(7)„^< 0.001 
A/Jmax = 0.26 e A-^ 
Apmin = -0.33 e 

Absolute structure: Flack (1983), 3968 Friedel 

pairs 

Absolute structure parameter: 0.07 (9) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of > aiF^) is used 
only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


ISO / eq 


CI 


1.2440 (5) 


0.7646 (2) 


0.13908 (14) 


0.0270 (10) 


HIA 


1.3758 


0.7596 


0.1297 


0.032* 


HIB 


1.1724 


0.7868 


0.1160 


0.032* 


C2 


1.2389 (5) 


0.8165 (2) 


0.17714(14) 


0.0299(11) 


H2B 


1.2816 


0.8650 


0.1686 


0.036* 


H2A 


1.3246 


0.7986 


0.1991 


0.036* 


C3 


1.0351 (5) 


0.8208 (2) 


0.19443 (13) 


0.0262 (10) 


H3 


0.9515 


0.8404 


0.1721 


0.031* 


C4 


0.9545 (5) 


0.7472 (2) 


0.20942 (12) 


0.0211 (9) 


C5 


0.9623 (5) 


0.6960 (2) 


0.16969(13) 


0.0203 (9) 


H5 


0.8818 


0.7204 


0.1484 


0.024* 


C6 


0.8693 (5) 


0.6208 (2) 


0.17625 (13) 


0.0204(10) 


H6A 


0.9549 


0.5896 


0.1925 


0.024* 


H6B 


0.7516 


0.6265 


0.1923 


0.024* 


C7 


0.8261 (5) 


0.5848 (2) 


0.13390(13) 


0.0248(11) 


H7B 


0.7291 


0.6135 


0.1194 


0.030* 


H7A 


0.7730 


0.5363 


0.1391 


0.030* 


C8 


1.0016(5) 


0.5769 (2) 


0.10437 (13) 


0.0206 (9) 


C9 


1.1168 (5) 


0.6507 (2) 


0.10316(13) 


0.0213 (10) 


H9 


1.0315 


0.6857 


0.0889 


0.026* 


CIO 


1.1617(5) 


0.6869 (2) 


0.14760(13) 


0.0214 (10) 


Cll 


1.2908 (5) 


0.6442 (2) 


0.07366 (14) 


0.0286(11) 


HllA 


1.3505 


0.6921 


0.0711 


0.034* 
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TT1 1 T> 

HUB 


1.3833 


A 1 1 T 

U.6113 


O.O066 


A AT A A 

0.034^ 


C12 


1.2429 (5) 


0.6157 (2) 


A A'^AA/T /I A\ 

0.02906 (14) 


A AT7T 

0.0277 


TT1 O A 

H12A 


1.3611 


0.6054 


A A 1 >l A 

0.0140 


A A'5 ik 

0.033* 


H12B 


1.1753 


0.6537 


A A 1 0 ^ 

0.0135 


A AT T 

0.033* 


C13 


1 11 oo /c\ 
1.1 loo (5) 


0.5455 (2) 


A A'^AAA /I 

0.02990 (13) 


A ATTT 

0.0222 


TT1 T 


1 1 m n 

1.1939 


A CATO 

0.5078 


t\ r\A A £. 

0.0446 


A AT7* 

0.027* 


C14 


0.9334 (5) 


A ceo/' /''^\ 

0.5586 (2) 


0.05728 (13) 


0.0227 


C15 


0.8006 (5) 


0.4902 (2) 


A ACTA'1 /1 A\ 

0.05702 (14) 


0.0262 


Hi jA 


0.oj43 


A A c^n 
U.433 / 


A AT^A 

0.0/60 


A AT 1 * 

0.031* 


T T 1 cn 

H15B 


0.6769 


A Cf\A A 

0.5044 


A A£ 0 A 

0.0684 


A AT 1 * 

0.031* 


C16 


0.7695 (5) 


A A C Ain /'^\ 

0.4547 (2) 


0.01360 (13) 


A A'^ C A 

0.0259 


TT 1 £^ A 

HloA 


A ZTAAA 

0.6900 


0.4866 


A A AT n 

—0.0037 


A AT 1 stc 

0.031^ 


TT 1 ^T> 

HloB 


A nf\ 1 o 

0.7018 


A A AO^ 

0.4086 


A A 1 

0.0173 


A AT 1 stc 

0.031* 


C17 


0.9584 (5) 


0.4402 (2) 


A AAAzTA /I TX 

—0.00960 (13) 


A A-^ A A 

0.0249 


C18 


1.0655 (5) 


A C 1 O O /'^\ 

0.5138 (2) 


AA1T/1/1 /ITN 

-0.01344 (13) 


0.0259 


H18 


0.9758 


0.5486 


-0.0264 


A AT 1 ;k 

0.031* 


C19 


1 /I A 

1.2249 (6) 


A /1AA1 

0.4991 (2) 


A f\ An 'X f\ /I A\ 

-0.04710 (14) 


A A1 OA 

0.0289 


TT1 n 


1.3344 


A A n £.0 

0.4768 


A A'i 

—0.0325 


A A'i C ik 

0.035* 


C20 


1 .2967 (6) 


0.5640 (2) 


-0.07193 (14) 


0.0341 


C21 


1.1336 (5) 


A /I O AT \ 

0.4397 (3) 


A ATy'O/T /I A\ 

-0.07636 (14) 


A AT ^ T 

0.0327 


H21A 


1.1122 


A cn/:; 
0.4390 


—0.1046 


A ATA* 
0.039^ 


H21B 


1.2183 


0.3976 


A ATOO 

-0.0788 


A AT Aste 

0.039* 


C22 


A A/11A /C\ 

0.9419 (5) 


0.4165 (2) 


A f\e /' '^'^ /I T\ 

-0.05622 (13) 


0.0296 


T A 

H22A 


0.8354 


A /I /I 1 A 

0.4410 


A ATAA 

-0.0700 


A AT ZT* 

0.036* 


tiZZa 


0.9238 


0.3o3o 


—0.0384 


0.036* 


C23 


0.7438 (5) 


0.7597 (2) 


0.22178 (14) 


0.0341 


H23A 


0.7357 


0.7993 


0.2419 


0.051* 


H23B 


A ^ AT O 

0.6932 


ATI C7 

0.7157 


0.2343 


A AC 1 * 

0.051* 


H23C 


0.6/li 


A nn 1 A 
0. //19 


A 1 CiCCi 

0.1969 


A AC 1 * 
O.ODI* 


C24 


1.0565 (6) 


0.7175 (2) 


0.24903 (15) 


0.0355 


H24A 


1.1923 


0.7170 


C\ ^ A A^ 

0.2442 


A A C T sic 

0.053* 


H24B 


1 A1 O 1 

1.0131 


A £1 HO A 

0.6684 


0.2547 


A ACT A 

0.053* 


H24C 


1.0281 


0./483 


A OTIA 

0.2/3U 


A AC3 * 

0.0j3* 


C25 


1 11 A'^ i c\ 

1.3102 (5) 


A /' A Ar\ /'*>\ 

0.6440 (2) 


0.17375 (14) 


0.0272 


H25A 


1.4078 


0.6253 


0.1552 


0.041* 


H25B 


1.2483 


A AT O 

0.6038 


A 1 OOA 

0.1880 


A A>l 1 :k 
0.041* 




1.3o/ 1 


0.6 /oO 


A 1 A /I /I 

0. 1944 


A A/1 1 * 

U.U41* 


C26 


1.1239 (5) 


0.5136 (2) 


A I^^^T /ION 

0.12257 (13) 


0.0259 


H26A 


1.1191 


0.5149 


0.1531 


A AT A sk 

0.039* 


H26B 


1.2541 


A ^ 1 A'^ 

0.5192 


All 

0.1133 


A AT A* 

0.039* 


H2oC 


1 f\n A A 
l.U /44 


A A £,1 Z 

0.46 10 


All T7 
0.112 / 


A A1 A* 

0.039* 


C27 


0.8145 (5) 


A /' ^ 1 A /"^X 

0.6219 (2) 


A AO T /I A /I y1 \ 

0.03740 (14) 


0.0260 


H27A 


0.7612 


0.6059 


0.0108 


0.039* 


H27B 


0.8959 


0.6636 


0.0326 


0.039* 


H27C 


0.7129 


0.6353 


0.0564 


0.039* 


C28 


1.0801 (5) 


0.3841 (2) 


0.01470 (14) 


0.0288 


H28A 


1.2077 


0.3819 


0.0026 


0.035* 


H28B 


1.0912 


0.3986 


0.0443 


0.035* 
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L29 


1.4o1d (7) 


0.5723 (3) 


A AOA-^/T /"I C\ 

—0.08026 (15) 


A AC C A /"I C\ 

0.0550 (15) 


H29A 


1.5694 


0.5376 


A ATAT 

-0.0707 


0.066* 


Hiyu 


1 O'^ ^ 


0.6128 


A AAC7 

—0.095 / 


0.066 


CoU 




A 1 ^A (1\ 

0.615y yi) 


— O.OyO/o (1 /) 


0.0o20 (1 /) 


HjUA 


1 .zlz / 


0.6505 


A 1 AA 1 

—0.1091 


A A A /I * 

0.094* 


1 [ "1 / \ I ) 


1 AO C O 


A /I 1 A 

0.64 ly 


A AjCOI 

—0.0683 


A AA/1 * 

0.094* 


XJI AO 


i.Uj /o 


0.5884 


A 1 A/TA 

—0.1069 


A AA/1 * 

0.094* 


(Jjl 


l.UJjj (4) 


0.8 11 /8 (14) 


A O 1 A/C: /I /A\ 

0.23064 (9) 


0.0304 ( /) 


032 


A on 11 /y1 \ 

0.8911 (4) 


0.96763 (17) 


A ^nf\'~so /I i\ 

0.27028 (11) 


A A /I O 1 if\\ 

0.0481 (9) 




(J. /o/3 (4) 


A C\A 1 ^A /I 0\ 

0.94160 (18) 


A 1 AOTO /l 1 \ 

0.198/8 (11) 


A A/1 A 1 /A\ 

0.0491 (9) 


S34 


A A'^ y1 1 /I /I ^\ 

0.92414 (15) 


0.94805 (6) 


0.22731 (4) 


0.0342 (3) 




1 AAOA 

l.U9zO (o) 


1 AAA1 /0\ 

1.0093 (z) 


A O A£T 1 / 1 C\ 

0.20621 (15) 


A A'} 1 O / 1 1 \ 

0.03 18 (11) 




i.U4yo (/) 


I.OjIo (3 ) 


0.1 / 120 (15) 


0.0440 (13) 


TTT 

H36 


A A'^ 

0.9353 


1 A /I /I 1 

1.0441 


0.1567 


A l\C A 'At 

0.054* 


/ 


1.1 /j9 (9) 


1 1 AC 1 

1.1051 (3) 


0.15 / 11 (18) 


0.05 lb (16) 


H37 


1.1445 


1.1343 


0.1345 


A A A sfc 

0.069* 






i.1156 (3) 


0.1 /832 (ly) 


0.0520 (15) 


C39 


1.3917 (7) 


1.0712 (3) 


0.21182 (18) 


A ACAA /I C\ 

0.0509 (15) 


H39 


1.5096 


1.0767 


0.2252 


0.061* 


C40 


1.2667 (6) 


1 A 1 O 1 /I \ 

1.0181 (3) 


A T^ZT^T /I ^\ 

0.22667 (16) 


A A,1 Azi / 1 

0.0406 (12) 


ri4U 


i.zyyu 


A nOQA 


o.z4yy 


A A/IO* 


/^A 1 


1.4852 (10) 


1.1 /DO (3) 


0.16420 (19) 


A AC? 

0.08 / (2) 


H41A 


1 /mo 

1.4738 


1 1 TA 

1.2170 


A 1 01A 

0.1829 


A 1 T 1 * 

0.131* 




1 /I C /I T 

1.454 J 


1 1 AAyl 

1.1 yo4 


AIT CT 

0.135 / 


A 1 T 1 * 

0.131 


XJ/1 1 


i.0i4i 


1 1 

1.15/3 


A 1 ^CA 

0.1650 


A 1 1 1 * 

U. 131 


U42 


0.96 /5 (4) 


0.31153 (15) 


A A 1 1 A /A\ 

0.01 169 (9) 


0.0296 (/) 


043 


A ATAA / /I \ 

0.9399 (4) 


A 1 OOA/1 /I /'\ 

0.18894 (16) 


A ATCAI /1A\ 

0.03501 (10) 


A f\ A r\ A /o\ 

0.0404 (8) 


U44 


i.2U5y (j ) 


0.2o02 / (Id) 


0.06542 (y) 


0.0358 (8) 


M5 


1.01383 (14) 


0.25713 (6) 


A A/1 AAT //I \ 

0.04993 (4) 


A A'>A1 

0.0301 (3) 


C4o 


0.8623 (6) 


0.2946 (2) 


A AOAOA /I A\ 

0.08920 (14) 


A A1 OA Z' 1 1 \ 

0.0289 (11) 


C4/ 


A £.£,OZ f£,\ 

O.OOOJ (o) 


0.3034 (z) 


A AOAT/1 /l C\ 

0.080 /4 (15) 


0.031 / (12) 


H47 


0.6167 


0.2866 


0.0553 


A AO Oik 

0.038* 


C4o 


0.5538 (o) 


0.33 /3 (2) 


0.11040 (15) 


0.0355 (12) 


H48 


0.4243 


0.3441 


0.1047 


0.043* 


C4y 


U.6z8j (6) 


0.361 / (z) 


A 1/10A0 /I C\ 

0.14898 (15) 


A A1 T y1 / 1 T\ 

0.0324 (12) 


C50 


0.8201 (6) 


0.3507 (3) 


0.15726 (14) 


A AT^ZT /I 1 \ 

0.0326 (11) 


TTC A 


A OTAC 

0.8705 


0.3656 


A 1 O ^ 

0.1832 


A AT Astc 

0.039* 


C51 


0.9387 (6) 


0.3177 (2) 


0.12759 (14) 


0.0323 (11) 


H51 


1.0682 


0.3112 


0.1334 


0.039* 


C52 


0.5011 (7) 


0.3981 (3) 


0.18128(15) 


0.0469 (13) 


H52A 


0.3703 


0.3847 


0.1760 


0.070* 


H52B 


0.5146 


0.4504 


0.1792 


0.070* 


H52C 


0.5372 


0.3824 


0.2093 


0.070* 



Atomic displacement parameters (A^) 

JJVl JJ12 JJil JJ12 JJ13 IJl} 

CI 0.023 (2) 0.028(3) 0.030(3) -0.0074(19) 0.0076(19) -0.001 (2) 
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C2 




0.020 (3) 


A ATA /T\ 
0.039 (3) 


C3 


0.032 (2) 


A A-^ A 

0.024 (2) 


A ATT /T\ 

0.023 (3) 


C4 


A A-^A {'~\\ 

0.020 (2) 


A A'^ A /'^\ 

0.024 (2) 


A A1 A /TX 

0.019 (2) 


C5 


0.017 (2) 


0.025 (2) 


A A1 A /T\ 

0.019 (2) 


Co 


0.021 (2j 


A A1 A /0\ 

o.oiy \i) 


A AT 1 /T \ 
0.021 (3) 


\J1 


A A^^ 

0.022 (2) 


A AT? 

0.023 (2) 


A ATA /T \ 

0.030 (3) 


C8 


A A 1 O /"^A 

0.018 (2) 


A A'^A 

0.020 (2) 


A AOT 

0.023 (2) 


C9 


A A 1 T 

(J. 017 (z) 


A A 1 A /'0\ 

0.019 (2) 


A AT O /T \ 

0.028 (3) 




A A1 "7 /0\ 

U.Ui / (zj 


A AOO 

0.022 (2) 


A AT C /T \ 

0.025 (3) 


1 1 

Cll 


A AO 1 /OX 

U.Ozl (z) 


A AO 1 /") \ 

0.031 (3) 


A AT A /T \ 

0.034 (3) 


C12 


0,022 (2) 


0.032 (3) 


A AO A /TX 

0.029 (3) 


1 '5 


A AT? {'^\ 

0.023 (2) 


A A1 /I {'^\ 

0.024 (2) 


A ATA /T\ 

0.020 (2) 


Cl4 


A A1 O /0\ 

O.Oio (2) 


A AOO /0\ 

0.026 (2) 


A ATT /T\ 
0.022 {1} 




A A 1 O 

0.01 0 (2) 


A AT 1 

0.031 (3) 


A ATA /T\ 

0.030 (3) 


Clo 


0.028 (2) 


A A1 C 

0.025 (2) 


A AT C /T \ 

0.025 (3) 


C17 


A A'^ 1 

0.021 (2) 


A AT T /T \ 

0.032 (3) 


A ATT /T \ 

0.022 (3) 


Clo 


A AOO 

0.028 (2) 


A AT7 /1\ 

0.02 / (3j 


A AT5 \ 

0.023 (3) 


C19 


A A-^A /'^\ 

0.029 (2) 


A AT C 

0.035 (3) 


A AOO 

0.023 (3) 


C20 


0.046 (3) 


A A T >1 /T \ 

0.034 (3) 


A ATT /T \ 

0.022 (3) 


C21 


A AT /I /0\ 

0.034 (2) 


A A /I 1 /T \ 

0.041 (3) 


A ATT /T\ 

0.023 (3) 


C22 


0.020 (2) 


0.03 / (3) 


0.026 (3) 


C23 


A A'> A /'^\ 

0.034 (2) 


0.032 (3) 


A AO ^ /0\ 

0.036 (3) 


C24 


A A >1 O \ 

0.043 (3) 


A A'^O /'OX 

0.028 (3) 


A AT C /T \ 

0.035 (3) 


C25 


A ATI /0\ 

0.023 (2) 


A ATA /TX 

0.030 (3) 


A AT O /T \ 

0.028 (3) 


Czo 


A A'l /I /1\ 

0.034 (2) 


A A0 1 /''*>^ 
0.021 (2) 


0.023 (3) 


C27 


A A^A 

0.020 (2) 


A AT 1 /") \ 

0.031 (3) 


A ATT /T \ 

0.027 (3) 


C28 


A ATA {'^\ 

0.030 (2) 


A A'^ A /T \ 

0.029 (3) 


A ATT /'T\ 

0.027 (3) 


Czy 


A AC O 

0.038 (3) 


A A/CA //1\ 

0.069 (4) 


A AT O /T \ 

0.038 (3j 


C30 


A AC? ( A\ 

0.08 / (4) 


0.05 / (4) 


0.044 (4 J 


031 


A C\AC\C\ /I 

0.0409 (17) 


A A-T >1 A /I /'X 

0.0240 (16) 


A AT/^T /I 0\ 

0.0263 (18) 


032 


0.060 (2) 


A A,1 T /TX 

0.043 (2) 


A A y1 1 /T\ 

0.041 (2) 


033 


A AT ,1 ,1 /I '7\ 

0.0344 (17) 


A A/1 O 

0.048 (2) 


0.065 (3) 


534 


A AIT? 
0.03 / / (/) 


0.0292 (/) 


A AO CO /0\ 

0.0358 (8) 


C35 


A AO O /O \ 

0.038 (3) 


0.026 (3) 


A ATT /T \ 

0.032 (3) 


C3o 


0.068 (3) 


A AO O /'?\ 

0.038 (3) 


A ATO /T\ 

0.028 (3) 


C3 / 


A 1 AT 
0.10/ (3) 


0.03O (4) 


A AOO /"OX 

0.029 (3) 


C38 


A AO /C / /I \ 

0.086 (4) 


A AT7 {'^\ 

0.027 (3) 


A A /I O //I \ 

0.043 (4) 


C39 


A r\ An /") \ 

0.047 (3) 


C\ (\A A i1 \ 

0.044 (3) 


A AZTO ( A \ 

0.062 (4) 


C40 


A A/1 /I /'3 \ 

0.044 (3) 


A A1 /I /I \ 

0.034 (3j 


A A /I O /O \ 

0.043 (3) 


C41 


0.146 (6) 


A A>1 T 

0.043 (3) 


A AOO /C\ 

0.072 (5) 


(J42 


A AT T? /"I C\ 

0.0373 (15) 


A AT ZTC /"I 

0.0265 (16) 


A AT Ar\ / ^ n\ 

0.0249 (17) 


043 


0.0462 (18) 


A AT 1 / 1 0\ 

0.0261 (18) 


A f\ Ar\ /T\ 

0.049 (2) 


U44 


0.0289 (16) 


A AT A / 1 A\ 

0.0369 (19) 


A A/10 /'0^ 

0.042 (2) 


S45 


0.0314(6) 


0.0268 (6) 


0.0321 (7) 


C46 


0.033 (3) 


0.027 (3) 


0.027 (3) 


C47 


0.029 (2) 


0.038 (3) 


0.029 (3) 


C48 


0.024 (2) 


0.042 (3) 


0.041 (3) 


C49 


0.035 (3) 


0.033 (3) 


0.030 (3) 



supporting information 



-0.0111 (19) 


0.002 (2) 


-0.007 (2) 


0.0012(19) 


-0.003 (2) 


-0.009 (2) 


-0.0028 (17) 


0.0033 (16) 


0.004 (2) 


0.0004 (17) 


-0.0033 (17) 


-0.001 (2) 


-0.0012 (17) 


0.0040 (18) 


-0.002 (2) 


-0.0030 (17) 


0.001 (2) 


-0.001 (2) 


0.0004 (17) 


0.0017(19) 


0.0057 (19) 


0.0028 (17) 


0.0007 (18) 


0.002 (2) 


0.0034 (17) 


0.0021 (18) 


-0.002 (2) 


-0.0059 (18) 


0.004 (2) 


-0.006 (2) 


-0.001 (2) 


0.002 (2) 


0.000 (2) 


0.0036 (18) 


0.0018(18) 


0.000 (2) 


-0.0002 (17) 


0.0049(18) 


-0.001 (2) 


-0.0002 (17) 


0.0038 (19) 


-0.008 (2) 


-0.0002 (19) 


-0.0016 (19) 


-0.003 (2) 


0.0029(18) 


-0.0023 (18) 


-0.008 (2) 


0.0101 (18) 


0.000 (2) 


0.000 (2) 


0.0067 (19) 


-0.002 (2) 


0.001 (2) 


0.004 (2) 


0.007 (2) 


0.002 (2) 


0.006 (2) 


0.001 (2) 


-0.003 (2) 


0.0029(18) 


-0.004 (2) 


-0.004 (2) 


-0.004 (2) 


0.013 (2) 


-0.011 (2) 


-0.006 (2) 


-0.002 (2) 


-0.001 (2) 


-0.0003 (18) 


-0.002 (2) 


-0.002 (2) 


0.0017(19) 


0.002 (2) 


-0.002 (2) 


0.0007 (18) 


0.0012 (19) 


0.000 (2) 


-0.010 (2) 


0.004 (2) 


-0.003 (2) 


-0.014(3) 


0.005 (3) 


0.014 (3) 


0.026 (3) 


0.024 (3) 


0.025 (3) 


-0.0003 (13) 


-0.0001 (14) 


-0.0059 (15) 


-0.0113 (16) 


0.0168(18) 


-0.0135 (19) 


0.0101 (16) 


-0.0103 (17) 


-0.015 (2) 


0.0009 (5) 


0.0062 (6) 


-0.0095 (6) 


0.002 (2) 


0.007 (2) 


-0.004 (2) 


0.003 (3) 


-0.001 (3) 


-0.003 (3) 


0.003 (3) 


0.003 (3) 


0.005 (3) 


-0.003 (3) 


0.031 (3) 


-0.004 (3) 


-0.009 (3) 


0.016(3) 


-0.008 (3) 


-0.001 (2) 


0.004 (3) 


0.006 (3) 


-0.037 (4) 


0.054 (5) 


-0.014 (3) 


-0.0048 (13) 


-0.0001 (14) 


-0.0024 (15) 


-0.0067 (14) 


-0.0029 (16) 


-0.0075 (17) 


0.0036(13) 


-0.0039(14) 


-0.0044(18) 


-0.0035 (5) 


-0.0012(5) 


-0.0027 (6) 


-0.0076 (19) 


0.004 (2) 


0.002 (2) 


-0.009 (2) 


0.000 (2) 


-0.006 (2) 


-0.007 (2) 


0.000 (2) 


0.005 (3) 


-0.006 (2) 


0.007 (2) 


0.003 (2) 
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C50 0.043 (3) 0.037 (3) 0.018 (3) 

C51 0.037 (3) 0.032 (3) 0.028 (3) 

C52 0.048(3) 0.056(3) 0.037(3) 



-0.006 (2) -0.003 (2) -0.001 (2) 

-0.006 (2) -0.006 (2) 0.006 (2) 

-0.007 (3) 0.005 (3) -0.004 (3) 



Geometric parameters (A, °) 



CI — C2 


1 525 (6) 


C22 — ^H22B 


0.9700 


Cl — CIO 


1.550 (5) 


C23 H23A 


0.9600 


CI — HIA 


0.9700 


C23 — H23B 


0.9600 


Cl — HIB 


0.9700 


C23 — H23C 


0.9600 


C2 — C3 


1 526 (S') 


C24 — H24A 


0.9600 


C2 — H2B 


0.9700 


C24 — H24B 


0.9600 


C2 — H2A 


0.9700 


C24 — H24C 


0.9600 


C3 — 031 


1.481 (4) 


C25 — H25A 


0.9600 


C3 — C4 


1.527 (5) 


C25 — H25B 


0.9600 


C3 — H3 


0.9800 


C25 — H25C 


0.9600 


C4 — C24 


1.534 (5) 


C26 — H26A 


0.9600 


C4 — C23 


1 538 (S) 


C26 — ^H26B 


0.9600 


C4 — C5 


1 560 (5) 


C26 — H26C 


0.9600 


C5 — C6 


1.530 (5) 


C27 — H27A 


0.9600 


C5 — CIO 


1 565 (5) 


C27 — H27B 


0.9600 


C5 — H5 


0.9800 


C27 — ^H27C 


0.9600 


C6 — C7 


1.515 (5) 


C28 — 042 


1.474 (5) 


C6 — H6A 


0.9700 


C28 — ^H28A 


0.9700 


C6 — H6B 


0.9700 


C28 — ^H28B 


0.9700 


C7 — C8 


1.544 (5) 


C29 — H29A 


0.9300 


C7 H7B 


0.9700 


C29 H19B 


0.9300 


C7 — H7A 


0.9700 


C30 — H30A 


0.9600 


C8 — C26 


1.543 (5) 


C30 — H30B 


0.9600 


C8 — C9 


1 567 (5) 


C30 — H30C 


0.9600 


C8 — C14 


1.591 (5) 


031 — S34 


1.579 (3) 


C9 — Cll 


1.533 (5) 


032 — S34 


1.416 (3) 


C9 — CIO 


1.577 (6) 


033 — S34 


1.421 (3) 


C9 — H9 


0.9800 


S34 — C35 


1.748 (4) 


C 1 0 C25 


1.537 (5) 


C35 C36 


1.374 (6) 


Cll — C12 


1 532 (6) 


C35 — C40 


1 388 (6) 




f) 0700 


v^JO — y^j 1 


1 '^81 ^'7'^ 

1 oo i yi ) 


Cll— HUB 


0.9700 


C36— H36 


0.9300 


C12— C13 


1.544(5) 


C37— C38 


1.379 (7) 


C12— H12A 


0.9700 


C37— H37 


0.9300 


C12— H12B 


0.9700 


C38— C39 


1.363 (7) 


C13— C18 


1.526 (5) 


C38— C41 


1.519(7) 


C13— C14 


1.573 (5) 


C39— C40 


1.383 (6) 


C13— H13 


0.9800 


C39— H39 


0.9300 


C14— C27 


1.551 (5) 


C40— H40 


0.9300 


C14— C15 


1.552 (5) 


C41— H41A 


0.9600 


C15— C16 


1.527 (5) 


C41— H41B 


0.9600 


C15— H15A 


0.9700 


C41— H41C 


0.9600 
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C15— H15B 
C16— C17 
C16— H16A 
C16— H16B 

C17— C22 
C17— C28 
C17— C18 
C18— C19 
C18— H18 
C19— C20 
C19— C21 
C19— H19 
C20— C29 
C20— C30 
C21— C22 
C21— H21A 
C21— H21B 
C22— H22A 



0.9700 
1.530 (5) 
0.9700 
0.9700 
1.533 (5) 
1.533 (6) 

1.539 (5) 
1.559 (5) 
0.9800 
1.502 (6) 
1.557 (6) 
0.9800 
1.326 (6) 
1.516(6) 

1.540 (5) 
0.9700 
0.9700 
0.9700 



042— S45 

043— S45 

044— S45 
S45— C46 
C46— C51 
C46— C47 
C47— C48 
C47— H47 
C48— C49 
C48— H48 
C49— C50 
C49— C52 
C50— C51 
C50— H50 
C51— H51 
C52— H52A 
C52— H52B 
C52— H52C 



1.569 (3) 
1.424 (3) 
1.428 (3) 
1.763 (4) 
1.386 (6) 
1.388 (6) 
1.377 (6) 
0.9300 
1.391 (6) 
0.9300 
1.377 (5) 
1.504 (6) 
1.384 (6) 
0.9300 
0.9300 
0.9600 
0.9600 
0.9600 



C2— CI— CIO 
C2— CI— HIA 
CIO— CI— HIA 
C2— CI— HIB 
CIO— CI— HIB 
HIA— CI— HIB 
CI— C2— C3 
CI— C2— H2B 
C3— C2— H2B 
CI— C2— H2A 
C3— C2— H2A 
H2B— C2— H2A 
031— C3— C2 
031— C3— C4 
C2— C3— C4 
031— C3— H3 
C2— C3— H3 
C4— C3— H3 
C3— C4— C24 
C3— C4— C23 
C24— C4— C23 
C3— C4— C5 
C24— C4— C5 
C23— C4— C5 
C6— C5— C4 
C6— C5— CIO 
C4— C5— CIO 
C6— C5— H5 
C4— C5— H5 



114.9 (3) 

108.6 

108.6 

108.6 

108.6 

107.5 

109.5 (3) 

109.8 

109.8 

109.8 

109.8 

108.2 

107.8 (3) 

108.9 (3) 
114.1 (3) 
108.6 
108.6 
108.6 
112.9(3) 
107.5 (3) 
106.9 (3) 

105.3 (3) 
115.0(3) 
108.9 (3) 

114.4 (3) 
110.0(3) 
116.7(3) 
104.8 
104.8 



C22— C21— H21A 
C19— C21— H21A 
C22— C21— H21B 
C19— C21— H21B 
H21A— C21— H21B 
C17— C22— C21 
C17— C22— H22A 
C21— C22— H22A 
C17— C22— H22B 
C21— C22— H22B 
H22A— C22— H22B 
C4— C23— H23A 
C4— C23— H23B 
H23A— C23— H23B 
C4— C23— H23C 
H23A— C23— H23C 
H23B— C23— H23C 
C4— C24— H24A 
C4— C24— H24B 
H24A— C24— H24B 
C4— C24— H24C 
H24A— C24— H24C 
H24B— C24— H24C 
CIO— C25— H25A 
CIO— C25— H25B 
H25A— C25— H25B 
CIO— C25— H25C 
H25A— C25— H25C 
H25B— C25— H25C 



110.2 

110.2 

110.2 

110.2 

108.5 

104.5 (3) 

110.8 

110.8 

110.8 

110.8 

108.9 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 
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CIO — C5 — H5 


104.8 


C7 — Co — C5 


110.7 (3) 


/"IT /"l/T TTZ" A 

C7 — Co — ^H6A 


1 AA C 

109.5 


TTZ" A 

C5 — Co — ^H6A 


1 AA C 

109.5 


C7 — Co — H6B 


109.5 


C5 — Co — H6B 


109.5 


H6A — Co — ^H6B 


108.1 


C6 — C7 — C8 


114.2 (3) 


Co — C7 — H7B 


1 AO n 

108.7 


C8 — C7 — H7B 


108.7 


f~^/' /"^T TTT A 

Co — C7 — H7A 


1 AO T 

108.7 


f~*G TTT A 

C8 — C7 — H7A 


108.7 


H/B — C7 — H7A 


1 AT /I 

107.6 


C26 — C8 — C7 


106.6 (3) 


C26 — C8 — C9 


111.4 (3) 


/^o /~'r\ 

C7 — C8 — C9 


1 1 A A /*) \ 

110.0 (3) 


C2o — C8 — C14 


1 1 A O \ 

110.8 (3) 


C7 — C8 — C14 


1 1 A A /I \ 

110.0 (3) 


C9 — C8 — C14 


108.1 (3) 


Cll — C9 — C8 


1 1 A O \ 

110.8 (3) 


Cll — L9 — CIO 


114.3 (3) 


/~<o /~ir\ A 

C8 — C9 — CIO 


1 1 Z" A 

116.0 (3) 


Cll — C9 — H9 


104.8 


O / < (\ TTr\ 

C8 — C9 — H9 


104.8 


1 A /~<A TTA 

CIO — C9 — H9 


1 A/1 O 

104.8 


C25 — CIO — CI 


107.8 (3) 


C25 — CIO — C5 


114.6 (3) 


y^ 1 y^ 1 /~1 ^ 

CI — CIO — C5 


108.1 (3) 


C25 — CIO — C9 


113.3 (3) 


CI — CIO — C9 


107.6 (3) 


C5 — CIO — C9 


105.1 (3) 


C12 — Cll — C9 


114.0 (3) 


TT11A 

C12 — Cll — ^HllA 


108.7 


C9 — Cll — HllA 


108.7 


C12 — Cll — HUB 


108.7 


/~i A 11 TT 1 1 

C9 — Cll — ^HllB 


108.7 


TT 1 1 A y~1 11 T T 1 1 T^ 

HllA — Cll — HUB 


107.6 


Cll — C12 — C13 


112.8 (3) 


Cll — C12 — H12A 


109.0 


/"111 /^l'** TTI'^A 

C13 — C12 — ^H12A 


1 AA A 

109.0 


y— 1 1 1 y^ 1 TT 1 '^T^ 

Cll — C12 — H12B 


109.0 


y~1 1 /~1 1 TT 1 '^T^ 

C13 — C12 — ^H12B 


109.0 


H12A— C12— H12B 


107.8 


C18— C13— C12 


115.7(3) 


C18— C13— C14 


110.2 (3) 


C12— C13— C14 


110.2 (3) 


CIS— C13— H13 


106.7 


C12— C13— H13 


106.7 



C8 — C26 — H26A 


109.5 


/~1 0 y^'^y' TT'^y'T^ 

C8 — C26 — H26B 


109.5 


H26A — C26 — ^H26B 


109.5 


r^O /^"^/l TT'^ZT/^ 

C8 — C26 — ^H26C 


1 AA C 

109.5 


H26A — C26 — H26C 


109.5 


TT'^y'T^ ^ TT'^y'y^ 

H26B — C26 — H26C 


109.5 


C14 — C27 — H27A 


109.5 


C14 — C27 — H27B 


109.5 


H27A — C27 — H27B 


109.5 


y^ 1 A /"X TT'^Ty^ 

C14 — C27 — H27C 


109.5 


H27A — C27 — H27C 


109.5 


TT'%'7T^ y^l'T TT'^^y^ 

H27B — C27 — H27C 


109.5 


042 — C28 — C 1 7 


1 AO O \ 

108.8 (3) 


042 — C28 — ^H28A 


109.9 


C17 — C28 — H28A 


109.9 


y^ /I /^^O TT'^OT^ 

042 — C28 — H28B 


109.9 


C17 — C28 — H28B 


109.9 


H28A — C28 — H28B 


108.3 


y~i'>/^ T Ti r\ A 

C20 — C29 — H29A 


120.0 


/— ' /-» (\ t~^^C\ TT1 AT^ 

C20 — C29 — H 1 9B 


120.0 


TT'^A A /^^A TT1 AT^ 

H29A — C29 — H 1 9B 


1 '^A A 

120.0 


/— 1/^/^ /^-^A TT1A A 

C20 — C30 — H30A 


109.5 


y^i'^rv /~i'> TTi/AT^ 

C20 — C30 — H30B 


109.5 


H30A — C30 — H30B 


109.5 


/*^'*> A A TTT A/^ 

C20 — C30 — H30C 


109.5 


H30A — C30 — H30C 


109.5 


TT'>/~VT^ y~T> /~V TTI/^y"! 

H3 OB — C3 0 — H3 OC 


109.5 


C3 — 031 — S34 


120.2 (2) 


032 — S34 — 033 


lino 

119.9 (2) 


y~v'> i~\ ''\ A y^O 1 

032 — S34 — 031 


1 f \ r\ /I o\ 

103.60 (18) 


033 — S34 — 031 


1 1 A AO /I 

110.48 (17) 


032 — S34 — C3 5 


1 AO 1 \ 

108.1 (2) 


Ci/I 

033 — S34 — C35 


1 AA T /'^A 

109.3 (2) 


/"v^ 1 m /I y~i'> ^ 

031 — S34 — C35 


■\ r\ A 1 ^ /I o\ 

104.37 (18) 


y' y^O ^ y^ A r\ 

C36 — C35 — C40 


119.7 (4) 


C36 — C35 — S34 


1 1 1 / A\ 

121.1 (4) 


C40 — C35 — S34 


119.1 (4) 


y~i '> ^ y^O 

C35 — C36 — C37 


120.2 (5) 


C3 5 — C3 6 — H3 6 


119.9 


C37 — C36 — H36 


1 1 A A 

119.9 


C38 — C37 — C36 


120.7 (5) 


y^ O O T ^ T T'> T 

C38 — C37 — H37 


119.7 


C36— C37— H37 


119.7 


C39— C38— C37 


118.3 (5) 


C39— C38— C41 


120.8 (6) 


C37— C38— C41 


120.8 (6) 


C38— C39— C40 


122.3 (5) 


C38— C39— H39 


118.8 
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C14 — CI 3 — H13 


106.7 


C40 — C39 — H39 


118.8 


C27 — C14 — C15 


105.9 (3) 


y^o A y^ A A y~i '> ^ 

C39 — C40 — C35 


118.6 (5) 


C27 — C14 — C13 


1 A A A /1\ 

109.4 (3) 


/~11A y~1 /( A TTilA 

C39 — C40 — ^H40 


120.7 


C15 — C14 — C13 


111.6 (3) 


C35 — C40 — ^H40 


120.7 


C27 — C14 — C8 


112.3 (3) 


y~1 O y"1 /I 1 T T yl 1 A 

C38 — C41 — H41A 


109.5 


C15 — C14 — C8 


110.6 (3) 


C38 — C41 — H41B 


109.5 


C13 — C14 — C8 


1 AT 1 \ 

107.1 (3) 


TT A 1 A y~1 ,(1 T T /I 1 n 

H41A — C41 — H41B 


109.5 


C16 — C15 — C14 


115.5 (3) 


y^ O O y~i /II T T 1 y^ 

C38 — C41 — H41C 


109.5 


/^IZT TT1CA 

Clo — L15 — H15A 


1 AO /I 

108.4 


TTyllA Tl A 1 


1 AA C 

109.5 


C14 — C15 — HI 5 A 


108.4 


T T ,1 1 ' At T T yl 1 y 

H41B — C41 — H41C 


109.5 


C16 — C15 — H15B 


108.4 


C28 — 042 — S45 


in. 7 (2) 


C14 — C15 — H15B 


108.4 


043 — S45 — 044 


11A 1A 

119.19 (18) 


H15A — C15 — H15B 


107.5 


043 — S4 5 — 042 


1 A yl TA /I '7\ 

104.79 (17) 


C15 — Clo — C17 


112.1 (3) 


044 — S45 — 042 


1 1 A ^ y' /I '7\ 

110.26 (17) 


C15 — Clo — H16A 


109.2 


y~\ /I '> o yl ^ y~i /I y 

043 — S45 — C46 


1 1 A ^A /I A\ 

110.50 (19) 


1 "7 1 T T 1 A 

C17 — Clo — HloA 


109.2 


y~\ /I /I C /I C /" yl y' 

044 — S45 — C46 


1 AO A'^ /I A\ 

108.02 (19) 


C15 — Clo — H16B 


109.2 


/- \ Ary A C y /I y' 

042 — S45 — C46 


1 A'^ O C / 1 0\ 

102.85 (18) 


C17 — Clo — H16B 


109.2 


C51 — C46 — C47 


120.5 (4) 


H16A — Clo — H16B 


107.9 


y— 1 ^ 1 y^ yl y^ C> A C 

C51 — C46 — S45 


119.8 (3) 


Clo — C17 — C22 


116.1 (3) 


/—I ^ ^ /-I /I y C yl C 

C47 — C46 — S45 


1 1 A T / yl \ 

119.7 (4) 


Clo — C17 — C28 


110.8 (3) 


C48 — C47 — C46 


119.3 (4) 


C22 — C 1 7 — C2 8 


1 A A 1 

109.3 (3) 


C48 — C47 — H47 


1 '^A A 

120.4 


Clo — C17 — C18 


1 A^ A /'> \ 

107.9 (3) 


y~1 /I /' y— 1 /I ^7 T T yl ^ 

C46 — C47 — H47 


120.4 


C22 — C 1 7 — C 1 8 


1 A'^ A /O \ 

102.0 (3) 


f~\ A 1 y ,1 O yl A 

C47 — C48 — C49 


1 1 A /■ yl \ 

121.0 (4) 


C28 — CI 7 — CI 8 


110.5 (3) 


C47 — C48 — H48 


1 1 A C 

119.5 


C13 — C18 — C17 


112.2 (3) 


y~i ^ A /"I -1 o T T ^ r> 

C49 — C48 — H48 


119.5 


1 '> y^ 1 O y^ 1 r\ 

C13 — C18 — C19 


119.8 (3) 


y^ r A y^ yl A y^ ,1 O 

C50 — C49 — C48 


1 1 O A / yl \ 

118.9 (4) 


C17 — C18 — C19 


104.6 (3) 


C50 — C49 — C52 


1 'I A 1 / yl \ 

120.7 (4) 


/~110 TT10 

C13 — C18 — H18 


106.5 


C48 — C49 — C52 


1 A /I //l \ 

120.4 (4) 


y~i 1 ^ y^ 1 o T T 1 D 

C17 — C18 — H18 


106.5 


i~\ A A C A y^ ^ 1 

C49 — C50 — C51 


121.1 (4) 


y~1 1 r\ y~1 1 O T T 1 D 

C19 — C18 — H18 


106.5 


y^ A y^ ^ A TT^A 

C49 — C50 — H50 


119.4 


C20 — C19 — C21 


112.1 (4) 


f^C t f^Cf\ TTCA 

C51 — C50 — H50 


1 t a A 

119.4 


C20 — C19 — C18 


117.2 (3) 


C50 — C5 1 — C46 


1 1 A / A\ 

119.2 (4) 


y^i 1 1 r\ y~i i o 

C21 — C19 — CI 8 


103.2 (3) 


C50 — C51 — H51 


120.4 


C20 — CI 9 — H19 


108.0 


C46 — C5 1 — H5 1 


120.4 


C21— C19— H19 


108.0 


C49— C52— H52A 


109.5 


C18— C19— H19 


108.0 


C49— C52— H52B 


109.5 


C29 — C20 — C19 


121.2 (4) 


H52A — C52 — H52B 


109.5 


f~\r\r\ /"I'^rv /^OA 

C29 — C20 — C30 


120.7 (4) 


C49 — C52 — ^H52C 


109.5 


C19 — C20 — C30 


117.9 (4) 


H52A — C52 — H52C 


1 A A C 

109.5 


/"i'^^ r^'yx /~^-\c\ 

C22 — C2 1 — C 1 9 


107.7 (3) 


H52B — C52 — ^H52C 


1 A A C 

109.5 


C 1 0 — CI — C2 — C3 


—54.2 (5) 


C12 — C13 — CI 8 — C17 


174.6 (3) 


CI— C2— C3— 031 


-178.8(3) 


C14— C13— C18— C17 


-59.4 (4) 


CI— C2— C3— C4 


60.2 (5) 


C12— C13— C18— C19 


51.5 (5) 


031— C3— C4— C24 


-52.9 (4) 


C14— C13— C18— C19 


177.4 (3) 


C2— C3— C4— C24 


67.5 (5) 


C16— C17— C18— C13 


63.3 (4) 


031— C3— C4— C23 


64.8 (4) 


C22— C17— C18— C13 


-174.0 (3) 
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Cz — Li — L4 — Czi 


-174.8 (3) 


C28 — C 1 7 — C 1 8 — C 1 3 


CO A / A\ 

-58.0 (4) 


03 1 — C3 — C4 — C5 


-179.2 (3) 


C16 — CI 7 — CI 8 — C19 


—165.4 (3) 


C2 — C3 — L4 — C5 


CO n / A\ 

—58.7 (4) 


C22 — C 1 7 — C 1 8 — C 1 9 


A'^ 1 / A\ 

-42.7 (4) 


/"'o /^c 

C3 — L4 — C5 — Co 


-174.3 (3) 


/^OIO /^IT /~^10 /~<1A 

C28 — C 1 7 — C 1 8 — C 1 9 


T> A / A\ 

73.4 (4) 


Cz4 — C4 — L5 — Co 


£r\ O / A\ 

60.8 (4) 


C 1 3 — C 1 8 — C 1 9 — C20 


nr\ A /c\ 

-79.4 (5) 


L2i — C4 — C5 — Co 


-59.2 (4) 


C 1 7 — C 1 8 — C 1 9 — C20 


153.8 (4) 


C3 — C4 — C5 — C 1 0 


55.2 (4) 


C13 — CI 8 — C19 — C21 


1 C^ A /A\ 

156.9 (4) 


Cz4 — C4 — C5 — CIO 


/TA T / A\ 

—69.7 (4) 


/^10 /^1A /"^'ll 

C 1 7 — C 1 0 — C 1 9 — Cz 1 


T A O //I \ 

30.2 (4) 


Czj — C4 — Cj — CiU 


1 TA 1 /'JA 
1 /O.J (3) 


Cz 1 — C 1 9 — CzO — Cz9 


1 AO 1 /'c^ 
— lOz.l (j) 


C4 — C5 — Co — C7 


161.9 (3) 


/~^10 /^1A /^"^A /^OA 

C 1 8 — C 1 9 — C20 — C29 


1 O O A / /I \ 

138.9 (4) 


C 1 0 — C5 — Co — C7 


£A A /A\ 

—64.4 (4) 


r^^^ ^'^A O'iA 

C21 — C19 — C20 — C30 


72.2 (5) 


C5 — Co — C7 — Co 


55.8 (4) 


1 O 1 A /"'OA /"'TA 

C 1 8 — C 1 9 — C2 0 — C 3 0 


/I ^ o //r\ 

-46.0 (6) 


Co — C / — Co — Czo 


HA n { A\ 

/4. / (4) 


/"'OA 1 A /"'T 1 /""OO 

C20 — C 1 9 — C2 1 — C2z 


111 1 //I \ 
— 133.3 (4J 


/~^n /^o /~^A 

Co — C7 — C8 — C9 


A ^ ^ ^ A\ 

—46.2 (4) 


C 1 8 — C 1 9 — C2 1 — C22 


A ^^ A \ 

—6.4 (4) 


C 0 — C 7 — C 8 — C 1 4 


-165.2 (3) 


C 1 6 — C 1 7 — C22 — C2 1 


155.0 (4) 


C26 — C8 — C9 — CI 1 


62.5 (4) 


C28 — C 1 7 — C22 — C2 1 


TO A / /I \ 

-78.9 (4) 


C7 — C8 — C9 — Cll 


—179.5 (3) 


C 1 0 — C 1 7 — Czz — Cz 1 


TO A / /I \ 

38.0 (4) 


C14 — Co — C9 — Cll 


cn A / A\ 

—59.4 (4) 


C 1 9 — Cz 1 — Czz — C 1 7 


—19.7 (4) 


C26 — C8 — C9 — CIO 


-69.9 (4) 


C 1 6 — C 1 7 — C2 8 — 042 


69.6 (4) 


C7 — C8 — Cy — CIO 


AO A /' A\ 

48.0 (4) 


/^n /^ 1 T /""^o /"\/n 

Czz — C 1 7 — Cz8 — U4z 


C A C / A\ 

—59.5 (4) 


A r^Q c^c\ /~*iA 

C14 — Co — cy — CIO 


1 /CO ^ 

loo.z (3) 


O /^IT /^OO /~\/1'> 

Clo — CI / — Cz8 — U4z 


—1 /0.9 (3) 


C2 — CI — CI 0 — C25 


TC A / A\ 

—75 A (4) 


C2 — C3 — 03 1 — S34 


111 /( 
113.4 (3) 


C2 — C 1 — C 1 0 — C 5 


49.1 (4) 


C4 — C3 — 03 1 — S34 


-122.3 (3) 


Cz — CI — C 1 0 — C9 


162.1 (3) 


C3 — 03 1 — b34 — 032 


1 CT C 

157.5 (3) 


Co — C J — C 1 0 — CzD 


—63.3 (4) 


r^'y C\1\ O'l/l <^'2'2 

C3 — U3 1 — b34 — U33 


27.9 (3) 


C4 — C5 — C 1 0 — C25 


69.2 (5) 


C3 — 03 1 — S34 — C35 


OA C /'?\ 

—89.5 (3) 


Co — C5 — C 1 0 — C 1 


176.5 (3) 


032 — S34 — C35 — C36 


-121.6 (4) 


A /^C 1 A 1 

C4 — C5 — C 1 0 — C 1 


-51.1 (4) 


033 — b34 — C35 — C36 


1 A /I ^ A \ 

10.4 (4) 


Co — CD — c 1 u — cy 


61.0 (4) 


KJi 1 — s34 — C35 — C36 


126.6 (4) 


A C 1 A /"'A 

C4 — C5 — C 1 0 — C9 


-165.7 (3) 


032 — S34 — C35 — C40 


54.7 (4) 


Cll — C9 — CIO — C25 


A A \ 

—60.4 (4) 


033 — S34 — C35 — C40 


—173.3 (3) 


C8 — C9 — C 1 0 — C25 


TA A A \ 

70.4 (4) 


031 — s34 — C35 — C40 


C C 1 / /I \ 

—55.1 (4) 


Cll — cy — ciu — ci 


DO. / (4) 


r^A(\ r^iii r^'^n 
C4U — C3d — C36 — C3 / 


-3.1 (7) 


O /"^ A 1 A /~" 1 

C8 — C9 — C 1 0 — C 1 


-170.5 (3) 


S34 — C35 — C36 — C37 


173.2 (4) 


C 1 1 — C9 — C 1 0 — C5 


173.7 (3) 


C /"^O Z^O T Z^T O 

C35 — C36 — C37 — C38 


1.6(8) 


Co — C9 — C 1 0 — C5 


—55.5 (4) 


C3 6 — C3 7 — C3 8 — C3 9 


1 1 /o\ 

1.1 (8) 


C8 — C9 — Cll — C12 


52.1 (5) 


C36 — C37 — C38 — C41 


1 "70 C /C\ 

-178.5 (5) 


1 A A 1 1 1 ^ 

CIO — C9 — Cll — C12 


-174.6 (3) 


/—I'* T o o Z^O A Z"' A A 

C37 — C38 — C39 — C40 


-2.4 (8) 


C9 — Cll — C12 — C13 


—49.4 (5) 


A 1 /"'TO Z^'JA /"^ /I A 

C41 — C38 — C39 — C40 


177.2 (5) 


/"'ll /-'I'l 

Cll — C12 — C13 — CI 8 


—179.9 (3) 


/-^'^O /-N'>A /-'/lA 

C3 8 — C3 9 — C40 — C3 5 


1 A /TX 

1.0 (7) 


/"■ii i^io /^I'j 

Cll — C12 — C13 — C14 


54.2 (4) 


C36 — C35 — C40 — Ci9 


1.9 (7) 


C18 — C13 — C14 — C27 


-68.5 (4) 


C" T /I /"^ O C Z"' A A Z^ T A 

S34 — C35 — C40 — C39 


-174.5 (3) 


^^^^ r^AA r^^n 
C12 — CI J — C14 — C2 / 


60.5 (4j 


/~'1'7 r^^Q f\A^ QAZ 

CI / — C2o — 042 — s45 


1 /I A A /'^\ 

—149.0 (3) 


C18— C13— C14— C15 


48.3 (4) 


C28— 042— S45— 043 


-170.0(3) 


C12— C13— C14— C15 


177.3 (3) 


C28— 042— S45— 044 


-40.6 (3) 


C18— C13— C14— C8 


169.5 (3) 


C28— 042— S45— C46 


74.4 (3) 


C12— C13— C14— C8 


-61.5(4) 


043— S45— C46— C51 


129.6 (4) 


C26— C8— C14— C27 


-178.4 (3) 


044— S45 C46 C51 


-2.4(4) 
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i~*n i~^o r~^\ A /~^^n 

C7 — Co — C14 — C27 


£i A f\ I A\ 

64. U (4) 




U42- 


— b45 — C46 — C5 1 


1 1 A A /y1 \ 

-119.0 (4) 


C9 — Co — C 14 — C27 


—56.1 (4) 




043- 


-S45— €46— €47 


-53.1 (4) 


C2o — Co — C14 — C15 


£1 C ^ A\ 

63.5 (4) 




044- 


S45 €46— €47 


t n A A \ 

174.9 (3) 


C7 — Co — L 1 4 — C 1 5 


—54.0 (4) 




042- 


-S45— €46— €47 


58.3 (4) 


C9 — Co — C 1 4 — L 1 5 


—174.2 (3) 




€51- 


-€46— €47— €48 


1 o /n\ 

1.8 (7) 


C26 — C8 — C14 — CI 3 


-58.3 (4) 




S45- 


-€46— €47— €48 


-175.6 (3) 


C7 — C8 — C 1 4 — C 1 3 


-175.8 (3) 




€46— €47— €48— €49 


-1.1 (7) 


cy — C8 — C 1 4 — C 1 3 


64. U (4) 




€47- 


-€48— €49— €50 


-0.6 (7) 


r^'^n i^i/^ 

C27 — C14 — C15 — C16 


HA A / ^ \ 

74.0 (4) 




€47- 


-€48— €49— €52 


1 "TA C / A\ 

-179.5 (4) 


C13— C14— €15— C16 


-45.0 (4) 




€48- 


-€49— €50— €51 


1.6 (7) 


C8— €14— C15— €16 


-164.1 (3) 




€52- 


-€49— €50— €51 


-179.5 (4) 


€14— €15— €16— CI 7 


50.1 (5) 




€49- 


-€50— €51— €46 


-0.9 (7) 


€15— €16— €17— €22 


-170.3 (4) 




€47- 


-€46— €51— €50 


-0.8 (7) 


€15— €16— €17— €28 


64.3 (5) 




S45- 


-€46— €51— €50 


176.5 (3) 


€15— €16— €17— €18 


-56.7 (4) 










Hydrogen-bond geometry (A, °) 


Z>— H-v4 




D—H 




U-A D-A 


D—R-A 


€21— H215-043' 




0.97 




2.60 3.428 (5) 


143 


€26— H26^-032" 




0.96 




2.56 3.473 (5) 


159 


€28— H28^-043' 




0.97 




2.39 3.244(5) 


147 


€48— H48-044"' 




0.93 




2.49 3.142 (5) 


128 



Symmetry codes: (i) 1/2, -;H-l/2, -z; (ii) -x+2, y-\l2, -z+V2; (iii) x-l,y, z. 
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